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Abstract 
This work was based on the need to gain a better understanding of the air velocity using CFD simulation as a form of verification 
of the functionality of ventilated air gaps in real constructions. The moisture regime of roofs with open air layers is theoretically 
assessed as satisfactory in terms of operational reliability by a sufficient margin. We used CFD software (ANSYS CFX 12.0) in 
order to reveal local imperfections, in order to analyse moisture diffusion from residential spaces through ceilings without a 
vapour barrier which would ensure the free flow of unwanted condensation on cold surfaces of the envelope leading to defects in 
the roof. 
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1. Introduction
It's a fact that flat and low-slope roofs demand careful detailing and good workmanship. While a flat or low-slope
roof can offer a long service life, 20 years or more, a small mistake can lead to a big leak. Flat roofs and low slope 
roofs also face potentially serious condensation problems that can in turn lead to costly rot or mold damage in 
buildings. The most common flat and low slope roof leaks occur at flashings and roof penetrations such as at 
plumbing vents, chimneys, and roof-mounted air conditioners or heat pumps. Roof flashing details that are not 
designed to absorb thermal or other building movement (thermal expansion of materials for a table of the coefficient 
of expansion of common building materials including brick, concrete, mortar, and stone) can lead to cracked broken 
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metal flashings that leak badly into the building. While a well-installed flat or low slope roof can keep outside rain or 
snow-melt out of the building, water entering the roof cavity from inside the building in the form of water vapour 
can be more troublesome. For example, moisture collecting as condensation in fibreglass roof insulation may leave 
the insulation with serious mold contamination even though the insulation still looks "clean". Fear of condensation 
problems has led some roofers to add special breather vents to these compact roofs. Although breather vents are 
recommended by the National Roofing Contractors Association (NRCA) - one vent every 1000 square feet is 
specified - NRCA technical manager Wayne Tobiasson, who has studied flat roofs extensively for the U.S. Army 
Corps of Engineers Cold Regions Research and Engineering Laboratory (CRREL) [1], goes further and says that 
these vents are "foolishness," particularly in flat roofs without vapour retarders. In these roofs, Tobiasson said, if the 
vents do anything, they will create problems by inducing airflow up through the ceiling from below. Roofs with non-
permeable insulation tightly sandwiched between the deck and roofing are usually free of condensation problems 
except in the far north or in buildings with high moisture levels. However even a compact-roof with good indoor 
vapour barrier design can suffer from under-roof moisture condensation, that is, condensation under the roof inside 
the occupied space, if the building interior moisture levels are excessive and proper ventilation or dehumidification 
are not provided [1]. Condensation within a flat roof mainly occurs during cold weather when moisture vapour in the 
air which has been generated within the heated building rises from the room below into the cold roof void above the 
ceiling. When the temperature of the vapour falls to or below its dew point the water vapour condenses on cold 
surfaces. The warmer than air the more water vapour it can contain and the higher the moisture content in the air 
(relative humidity) the lower the dew point temperature will be. Condensation is a particular problem in roofs above 
rooms which generate a lot of moisture such as kitchens and bathrooms. A flat roof should be designed to minimise 
condensation and a condensation risk analysis should be undertaken taking into account positioning of insulating 
materials, vapour control layers, ventilation, thermal insulation and the choice of materials. This can be calculated 
using computer program [2]. 
2. Structural assembly of prefabricated buildings
The task of this paper is to simulate ventilation of inter-roof space and analyze effects of roof ventilation on the
of thermal and moisture regime of the roof, on example of roof coating of panel apartment building, structural 
system P1.14/15 utilized in the Slovak Republic. Roofing is designed as a flat roof with double skin and ventilated 
air gap. Thermal insulation is placed in the cavity of the roof, it consists of perlite pillows. Air layer of 150 mm 
height is poorly ventilated (Figure 1 at right shows 2 holes with a diameter of 60 mm for attic panel). The upper 
shell consists of reinforced concrete roof panels on which waterproofing layers are melted, forming the asphalt 
cardboard. Figure 1 shows cross section of the construction of the flat roof (on the left) and the view on the round 
ventilation openings of the air gap´s roof (on the right). The reason for this analysis are recurrent failures of roof 
cladding panel system due to local disorders, insulation material failures, ventilation and penetrating rainwater and 
bad heat-moisture regime, causing discomfort hygiene (water, moisture, mold) in apartments directly under the roof. 
Fig. 1. Section of the apartment block’s double skin roof construction and details of ventilation openings. 
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3. Defining problem and analysis aim
The problem of double skin roof construction of this type is based on the assumption of inadequate ventilation or
air movement within the air cavity of the roof. Warm and humid air may by pressure differentials between rooms in 
the building get into the air space of the cavity, where it can then be condensed. A building structure in terms of 
thermal technology point of view shows inadequate properties (missing vapour barrier), resulting in the occurrence 
of the low surface temperature in the cavity within the double skin roof. The combination of low surface 
temperature of the building structure and presence of warm and moist air brings condensation of water vapour 
contained in the moist air. Our aim is to obtain a picture of flow in the cavity of the double skin roof along with 
temperature fields determining surface temperature on the inner surfaces of the cavity of the roof. Based on the 
results obtained thus we can predict places in the construction of the double skin roof, where condensation is 
possible. 
3.1. CFD analysis 
For the purpose of achieving our goal, we use CFD progressive method. We use simulation tool ANSYS CFX 
12.0 [3]. In the first step it was necessary to create a geometrical model of the roof, which is the subject of our 
analysis. The geometric model corresponds to real geometry of the roof. For calculation unstructured tetrahedral 
computing mesh with local network densification in the air gap openings for ventilation of double skin roof was 
used. At the same time, prismatic cells near the surface have been used. According to our goal of analysis, it is a 
complex task, where it  is necessary to take into account air flow. This is why 3-dimensional analysis model was 
used. Given the size of the roof, we will analyze only part of the roof structure. The physical model considers non-
isothermal flow of air (wind) with temperature of 3°C. This value is the average value of the outside air temperature 
in winter (heating period). The structure of the roof is exposed to the blowing wind. Boundary conditions for air 
flow velocity (wind) on the weather side, was fixed by value in the level of 1.0 m/s, 2.0 m/s and 5.0 m/s. To describe 
the turbulent flow of air commonly used k- epsilon model was used. Heat transfer from the heated space (22.0°C) 
into a cavity of double skin roof is quantified by a constant value of heat transfer coefficient at 0.52 W/(m2.K). This 
value characterizes thermal performance of lower layer of double skin roof. Heat transfer coefficient for the upper 
layer of the roof is quantified at 2.94 W/ (m2.K). Outdoor air temperature is modelled at 3°C. The results of the CFD 
simulation were adopted after the residue min. at 10-3 for the continuity equation, the equation of moment and the 
equation of the turbulent kinetic energy and dissipation. 
3.2. Analysis of results of CFD simulation 
In the first step, we focused on the analysis of the velocity field in the air cavity of the double skin roof, which 
was exposed to the wind. Please note that the rate is modeled at 1.0 m/s, 2.0 m/s and 5.0 m/s. The results of the CFD 
simulations show that in the cavity of the roof, there are areas with very low air movement (<0.1 m/s). It is given by 
structure of double skin roof, where the cavity height is only 150 mm. The second factor is the size and number of 
inlets for air supply and exhaust. Size of poorly ventilated areas of course also depends on the speed of the flowing 
wind. With increasing wind speed, extent of those areas is in this case reduced. Picture of velocity field in the cavity 
of double skin roof at different speeds of flowing wind is show in the following Figure 2. 
In the second step, our task was focused on obtaining an image of the temperature field in the air layer of the 
double skin roof. Course of surface temperatures were analyzed on the building roof structure within the interspaces. 
From the reference database for the site of Kosice, the incidence of wind speed is greater than 2.0 m/s and less than 
5.0 m/s average of 43% during the year. In the Figure 3 surface temperatures of the construction in the air cavity at 
wind velocity 2.0 m/s are pictured. In this case we considered outdoor air temperature at 3°C, which is the average 
outside temperature of air in the winter (heating season) within Kosice. 
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wind speed 1.0 m/s wind speed 2.0 m/s wind speed 5.0 m/s 
Fig. 2. Air velocity in the roof cavity. 
Image on the left characterizes thermal field on the outside part of bottom layer of double skin roof (the roof 
cavity). We see that the surface temperature in this case is in the range between 7.0 and 15.0°C. Conversely, if we 
look at the picture on the right, we see the temperature field at the bottom part of the upper layer of the double skin 
roof. At this point, the surface temperature is significantly lower and varies in the range of 3.5 to 5.5°C. The 
occurrence of surface temperatures on the building structure in this magnitude creates the risk of a possible 
condensation of warm and moist air that may enter the interior of the building (heated space) to the air gap of the 
double skin roof. The combination of insufficient ventilation, air cavity of double skin roof and the presence of 
warm and moist air significantly increase the risk. The results of the velocity and the temperature of the roof we will 
use in the next section of text in the analysis of the double skin roof moisture regime. 
 bottom roof layer  upper roof layer 
Fig. 3. Roof construction surface temperature (°C) in the air cavity. 
The following Figure 4 illustrates the points in the roof structure, which is a potential risk of condensation. 
Vertical shaft together with the air pipe are guided along the height of the building continuously. These shafts are 
used for the vertical distribution systems of Building Services (sewerage, cold, hot water, ventilation pipes). 
Ventilation ducts drain moisture load from sanitary facilities (toilet, bathroom) and kitchen apartments. In the 
crossing points through the ceiling construction (and the roof deck) leakage occur (of varying size) in the building 
structure. These points represent the path of spontaneous (natural) distribution of warm and humid air from heated 
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space heating of the buildings (apartments) into the air cavity of the double skin roof. Therefore, lets consider the 
results of our CFD analysis, airflow velocity in some parts of the air cavity of roof is insufficient and the surface 
temperature of building structures is low. If into these parts gets warm and moist air with the following parameters 
(air temperature șa = 22 °C, relative humidity ĳa = 55%) it occurs to its precipitation on the cool construction 
surface of roof, because its dew point temperature (șdp) is at approx. 12°C. The question remains, how much of 
warm and moist air flows through leaks in building construction in the cavity of double skin roof. The amount of 
condensate is directly related. 
Fig. 4. Diagram of double skin roof with vertical shaft with places of potential condensation of heat and moist air. 
In the third step, we analyzed the moisture regime of air cavity of roof, whereby, we were carrying on the 
previous results that we obtained from the CFD simulations. Air velocity in the cavity of the roof is small (<0.1 m/s) 
in a large part, whereby its range in the construction of the roof depends on the wind speed, which acts on the roof 
structure. Surface temperature on the lower surface of the upper roof layer are in the range 3.5 - 5.5°C with outside 
air temperature of 3°C and a wind speed 2.0 m/s. The average temperature in the air cavity in this case is around 
approx. 6.0°C. Thus's start from a theoretical assumption that air movement in the cavity of the roof is in many 
places minimal (<0.1 m/s). Figure 4 illustrates how warm and humid air flows from apartments through leaks in 
building construction into double skin roof air cavity. In this case, there is a mixing process. The parameters of 
moist air in the air cavity of the roof change to new value as the air temperature after mixing (șr) and the relative 
humidity after mixing (ĳr). To obtain new parameters of air after mixing can be used psychometric chart (Mollier h-
x diagram). In the Figure 5 we can see the resulting air temperature after mixing at approx. 18°C and its relative 
humidity of approx. 65%. Dew point temperature in this case is about 12°C. The result is thus condensation of water 
vapour contained in the air on cool roof surface where the surface temperature was in the range 3.5-5.5°C. It is of 
course very difficult to quantify the amount of warm and moist air that gets into the air cavity of double skin roof. 
These are natural mechanisms, natural air movement due to temperature and pressure differences between the spaces 
in the building. Figures 2 and 3 picture the position of the vertical shafts (black rectangles). If their position is 
compared with course of velocity of the air in the cavity of the double skin roof (stagnation speed), we see that there 
are potential sites threatened by condensation of warm and moist air. This gets into the area of the roof due to 
insufficiently designed joints of building components and crosses alone building structures (ceilings), including 
roofing (missing vapour barrier). If we add the cold surfaces of building structures of the roof, we can expect the 
formation of condensate and possible leaks. 
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Fig. 5. Mollier h-x diagram – process of mixing temperatures. 
4. Conclusion
The aim of this paper was to analyse step-by-step function of the double skin flat roof with ventilation air gap of
height 150 mm. We analyzed the level of ventilation of air cavity under the air velocity in it. We obtained a picture 
of surface temperatures on the flat roof building construction within the interspaces. In the last section, following the 
results obtained from CFD roof simulations, we theoretically justified the formation of condensation on the inner 
surface of the upper layer of  double skin roof. Wind flow in the area of the roof (building´s) was modelled as a 
continuous stream at a constant speed, we varied the level 1.0 m/s, 2.0 m/s and 5.0 m/s. In real terms, when the 
building (roof) is exposed to the flowing wind, continuous flow of win will not be happening. On the contrary, it 
will be a vibrant effect with local wind blast, what will vary the image of the air flow in the air cavity of double skin 
roof. At this point, it should be noted that the openings for air supply and exhaust in the roof parapet-parts were 
modelled as holes or without grid, or. nets against birds. Of course, any placing of such type of local resistance 
certainly will negatively affect air flow in the cavity of the roof itself. The risk of condensation of warm and moist 
air so in real terms increases. The problem is insufficient contact of building components and building structures 
crosses (ceilings), through which may warm and humid air spontaneously, naturally flow into the air gap of the 
double skin flat roof (missing vapour barrier) We will continue to pay attention to the problem of flat roofs, and we 
will look for effective options how the problem minimize, or completely remove. 
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